There is a need to use selected pictures with pure emotion as stimulation or treatment media for basic and clinical research. Pictures from the widely-used International Affective Picture System (IAPS) contain rich emotions, but no study has clearly stated that an emotion is exclusively expressed in its putative IAPS picture to date. We hypothesize that the IAPS images contain at least pure vectors of disgust, erotism (or erotica), fear, happiness, sadness and neutral emotions. Accordingly, we have selected 108 IAPS images, each with a specific emotion, and invited 219 male and 274 female university students to rate only the intensity of the emotion conveyed in each picture. Their answers were analyzed using exploratory and confirmatory factor analysis. Four first-order factors manifested as disgustfear, happiness-sadness, erotism, and neutral. Later, ten second-order sub-factors manifested as mutilation-disgust, vomit-disgust, food-disgust, violence-fear, happiness, sadness, couple-erotism, female-erotism, male-erotism, and neutral.
(JACFEE), fear is often mistaken for surprise, and disgust for anger (Ekman et al., 1987; Ekman, 1993) .
Nevertheless, there have been some trials on the nominal classifications of emotion exhibited in the IAPS pictures. Mikels et al. (2005) tagged some color slides from IAPS with negative words like disgust, fear, and sadness, as well as with positive words like amusement, contentment, and excitement. They also found that the remaining pictures displayed more than one emotion, which were classified as blended or undifferentiated. Libkuman et al. (2007) tagged some IAPS pictures with terms like happiness, surprise, sadness, anger, disgust, and fear. Recently, a subset of 64 fear-evoking IAPS pictures was identified in a German study (Barke et al., 2012) ; some pictures that clearly reflected "human or animal threat", such as those denoted as #1033 (snake), #1070 (snake), #1321 (bear), and #6242 (gang) were not rated as fear-evoking, but instead as anger-evoking images. The nominal classifications suffered from the fatal shortcoming that a picture with expected emotion often contained other emotions. For example, Davis et al. (1995) asked participants to rate the intensity of seven emotions on a given IAPS picture, and found that the mean categorical response profiles over the emotions were multimodal for most pictures. The perplexities of emotion judging were evident especially in distinguishing fear versus anger, fear versus disgust, and fear versus surprise (Barke et al., 2012; van Hooff et al., 2013) .
Considering that the nominal (categorical) way of classifying emotions frequently suffers from overlaps between emotions (Ekman and Cordaro, 2011) and the nominal classification relies on the cultural information embedded in language (Ekman et al., 1987 ), some scholars have tested the scalar (dimensional) way of delineating emotions. Factor analysis which is widely used in questionnaire development, might help achieve this endeavor of emotion separation. For example, in personality research, scholars have applied factor analysis to evaluate personality structures (Comrey, 1988; O'Connor, 2002) . Similarly, in emotion studies, investigators have used factor analysis to distinguish the JACFEE facial expressions of emotion, by only using the intensity perceived by the participants (Huang et al., 2009 ). The scale of perceived intensity is comparable to the Likert scale, which is often used in psychological assessment, and the intensity rating prevents participants from facing the dilemma to which nominal classification sometimes leads due to the overlap between emotions (Ekman et al., 1987; Ekman, 1993; Mikels et al., 2005; Libkuman et al., 2007) . Thus, the scaling of the perceived intensity indeed provides a new perspective to delineate emotions. Accordingly, it is then reasonable that we use similar methods to delineate the IAPS emotional dimensions, and to select pure-emotion images based on their loadings on target emotion. The aim of the present study was not to evaluate every IAPS pictures by defining their emotional characteristics, but rather to find some Article No~e00389 pictures which were highly loaded with a specific (single) and salient emotion from the IAPS pool.
Regarding previous studies of IAPS (Libkuman et al., 2007; Jacob et al., 2011; Barke et al., 2012; van Hooff et al., 2013) and JACFEE (Ekman, 1992; Ekman and Cordaro, 2011) , we thought that the emotions conveyed in the IAPS pictures would at least include disgust, erotism (or erotica), fear, happiness, and sadness. Since contempt, surprise and anger are more social-driven and human related, they are more frequently found in humans, such as those exhibited in the JACFEE pool, rather than in pictures displaying diverse-environmental surroundings as those in the IAPS. In addition, previous emotion studies (Bradley et al., 2001; Biele and Grabowska, 2006) have shown that women responded more intensively to the negative and aversive emotions than men did. Additionally, gender differences might be more pronounced in erotic situations. Therefore, based on the intensity ratings of the emotion conveyed in IAPS pictures, we hypothesize that: a) the emotional dimensions include disgust, erotism, fear, happiness, sadness and neutral; b) the emotional dimensions are different in intensity rating between the two genders. Accordingly, in this study, we will conduct exploratory and confirmatory factor analysis (with a structural equation modeling), to identify pictures specifically conveying single, distinctive emotions.
Methods

Participants
Five hundred university students majoring in education, engineering, mathematics, mechanics, or medicine were invited to participate in our study. Seven of them had depressive moods and did not complete the experiment, thus their data were removed from further analysis. Statistical analysis was performed on data from the remaining 493 participants (219 men, mean age: 19.58 years with 1.89 S.D., age range: 17-30 years; 274 women, mean age: 19.74 ± 2.13, age range: 17-33). No significant age difference between genders (t = -0.86, p = 0.39) was found. All participants were heterosexually oriented, without somatic or psychiatric disorders, and they were asked to abstain from drugs and alcohol for at least 72 h prior to the test. The study was approved by the Ethics Committee of Zhejiang University School of Public Health (ZGL201409-1), and written informed consent was obtained from all participants.
arousal data of those pictures as illustrated in Lang et al. (2008) . However, each picture was rated independently by the six judges (3 PhD's and 3 Master's degree candidates), on whether it conveyed a meaningful single-emotion. If the picture received four or more "yes" votes, it was retained. If a picture received three "yes" and three "no" votes, the seventh judge (the PhD holder) would make the final decision on whether it should be retained or disregarded. Finally, 108 pictures were selected and evaluated more exhaustively.
Procedure
Pictures in either the landscape or portrait orientation were presented in a random order by the Microsoft PowerPoint software through a computer monitor (1080 × 720 ppi resolution). The presentation was conducted in a quiet room, where participants sat comfortably in front of the screen, with their visual angles set at about 9°× 7°. After entering the room, they were first asked to relax for 5 minutes before rating the intensity of the perceived emotion conveyed in each picture, using a 9-point (0-8) scale, i.e., from neutral (0), weak (1), moderate (4) to strong (8).
The curtains of the room were closed in order to avoid disturbance by excessive light. Each picture was presented for 5 seconds, only once. The presentation order of the images was random, and no more than three successive images belonged to the same putative emotion. Participants were told not to name the emotion conveyed in the picture, but to rate (note down) its intensity only.
Statistical analysis
The intensity ratings of the 108 selected IAPS pictures were subjected to a principal axis factor analysis first, using the Predictive Analytics Software Statistics, Release Version 18.0.0 (SPSS Inc., 2009, Chicago, IL) . Factor loadings were rotated orthogonally using the varimax normalized methods, and the factors (emotion clusters) and their items (pictures) were determined. The factors were treated as the first-level ones. Afterwards, based on these first-level ones (as latent factors), the fit of the structural equation modeling was evaluated by the confirmatory factor analysis using the Analysis of Moment Structures (AMOS) software version 17.0 (AMOS Development Corp., 2008, Crawfordville, FL, USA). We used the following parameters to identify the model fit: the χ 2 /df, the goodness-of-fit statistic, the global fit index, the adjusted goodness-of-fit index, the comparative fit index, the Tucker-Lewis index, and the root mean square error of approximation. Items which were loaded less heavily on a target factor, or crossloaded heavily on more than one factor were removed from subsequent analysis one-by-one. The procedure was continued until no further picture needed to be removed.
Article No~e00389
Next, for each first-level factor, the retained items were once again analyzed principal axis factor analysis. In this instance, the sub-factors, which were treated as second-level ones (facets or emotions), and their items were determined. Items which were loaded less heavily on a target sub-factor, or cross-loaded heavily on more than one sub-factor were removed from subsequent analysis one-by-one (the loading/cross-loading criteria might vary across sub-factors). The procedure was continued until no further picture needed to be removed. For each first-level factor, the fit of the structural equation modeling (sub-factors extracted as latent factors) was also calculated. Finally, with all items retained, based on the second-level subfactors (emotions), the general model fit was assessed. As a further step, the internal reliabilities (the Cronbach alphas) of the extracted sub-factors (emotions) were calculated. The gender differences between the intensity ratings of each subfactor and of each picture were then submitted to the Student t test. A P value below 0.05 was considered to be significant.
Results
First-order factors
After the principal axis factor analysis of the intensity ratings of the selected 108 #7359, was a mixture of disgust and fear. The second factor with 28 items, e.g., #2045 and #2700, was a mixture of happiness and sadness. The third factor with 16 items was solely erotism, e.g., #4660, #4008 and #4520. The fourth factor with 19 items was neutral, e.g., #7175. The four-factor model based on the 97 pictures was developed through confirmatory factor analysis, resulting in fitting parameters at an acceptable level (Table 1) .
Second-order factors
For factor 1, the intensity ratings of all 34 pictures were analyzed again using the principal axis factor analysis; 4 factors emerged with eigenvalues of 16.01, 1.89, 1.64 and 1.03, which accounted for 60.51% of the total variance. From the fifth factor onwards, there was a clear plateau trend. With loading criteria (target loading > 0.55), 23 items remained for the fitting model (Table 1 ). The first facet with 10 picture items was labeled mutilation-disgust, e.g., #3010. The second facet with 6 picture items became vomit-disgust, e.g., #9320. The third facet with 4 picture items was related to violence-fear (aimed gun), e.g., #2811. The fourth facet with 3 picture items became food-disgust (food with bugs), e.g., #7359.
For factor 2, the intensity ratings of all 28 pictures were analyzed again using the principal axis factor analysis; 2 factors emerged with eigenvalues of 14.22 and 1.53, which accounted for 56.25% of the total variance. From the third factor onwards, there was a clear plateau trend. With loading criteria (target loading > 0.65), 15 items remained for the fitting model (Table 1) . The fifth facet with 9 picture items was about happiness, e.g., #2045 (smiling baby). The sixth facet with 6 picture items was about sadness, e.g., #2700 (teary women).
For factor 3, the intensity ratings of all 16 pictures were analyzed again using the principal axis factor analysis; 3 factors emerged with eigenvalues of 9.14, 1.16, and 0.69, which accounted for 68.65% of the total variance. From the fourth factor onwards, there was a clear plateau trend. With loading criteria (target loading > 0.65), 12 items remained for the fitting model (Table 1) . The seventh facet with 6 picture items was about heterosexual couple-erotism (naked heterosexual couple), e.g., #4660. The eighth facet with 3 picture items was about single female-erotism (naked female), e.g., #4008. The ninth facet with 3 picture items was single maleerotism (naked male), e.g., #4520.
For factor 4, the intensity ratings of all 19 pictures were analyzed again using the principal axis factor analysis; 2 factors emerged with eigenvalues of 7.87 and 1.67 respectively, which accounted for 50.18% of the total variance. Even though there were several kinds of factor-restriction analysis and strict structural equation modeling, no sub-factor model was arousing. These neutral pictures occupied a unique position which could be continuously regarded as an isolated sub-factor.
Among these pictures, nine were loaded highly (≥ 0.65) on this target, e.g., #7175.
With 59 pictures which were distributed among10 sub-factors (facet-level), a second-order fit model was developed. The structural equation modeling confirmed that a ten-facet model was a suitable solution (Table 1) . Furthermore, the internal reliabilities of the ten sub-factors were also satisfactory (Table 2) .
Gender difference
Regarding gender differences on the perceived intensities of the 59 pictures, women scored higher on mutilation-disgust (t = 2.31, p = 0.02, 95% confidence interval (CI) = [0. 49, 6 .07]) and sadness (t = 2.12, p = 0.03, 95% CI = [0.13, 3.24]). Men, on the other hand, scored higher on couple-erotism (t = 2.58, p = 0.01, 95% CI = [0.58, 4.14]) and female-erotism (t = 7.50, p < 0.001, 95% CI = [2.56, 4.14]). Regarding gender differences on the perceived intensities of each individual picture, women scored higher on some pictures of mutilation-fear (#3001 headless body, #3010 mutilation, #3051 mutilation, and #9570 dog), some of violence-fear (#6231 aimed gun and #6510 attack), some of sadness (#2456 crying family, and #2230 sad face), and one of a naked male (#4530). Men, on the other hand, scored higher on some pictures of a naked heterosexual couple (#4604, #4607, #4611, #4698, and #4670), and some pictures of a naked female (#4008, #4085, and #4225) ( Table 2 ).
Discussion
Based on intensity-rating only, through exploratory and confirmatory factor analysis, we have characterized ten domains of emotion (mutilation-disgust, vomitdisgust, food-disgust, violence-fear, happiness, sadness, heterosexual coupleerotism, single male-erotism, single female-erotism, and neutral). The 59 ultimately-retained pictures displayed satisfactory convergent and discriminatory Article No~e00389 Table 2 . Intensity ratings (mean ± SD) of the retained 59 IAPS pictures in men (n = 219) and women (n = 274). validities. According to the best of our knowledge, this is the first study to delineate IAPS pictures as different vectors for pure emotion.
As a first-order domain, disgust and fear were mixed together in our study, which is in line with previous reports that the two emotions are difficult to distinguish due to their close negative valences (Barrett, 1998; van Overveld et al., 2006) , and to similar cerebral areas involved, i.e., the occipital, prefrontal and cingulate cortices, and the nucleus accumbens (Stark et al., 2007; Klucken et al., 2012) . Although the activation of the anterior insula and the amygdala has been reported to be involved in disgust and fear, respectively, the specificity of their involvement in these emotions has not been confirmed (Calder et al., 2000; Zaki et al., 2012; reviewed in Cisler et al., 2009 and Del Casale et al., 2011) .
In our daily lives, fear prepares us to escape and disgust prepares us to avoid an object or situation. In the current study, we have clearly classified some IAPS pictures into the fear and disgust domains. Indeed, fear can be aroused by a gun aimed at you (Woody and Teachman, 2000; Barke et al., 2012) , while disgust can be elicited with contamination (Woody and Teachman, 2000; Teachman, 2006;  reviewed in Cisler et al., 2009) . Our study has additionally distinguished mutilation-disgust, vomit-disgust and food-disgust domains. As has previously been shown, mutilation elicits disgust, while blood-injection-injury elicits fear or phobia (Tolin et al., 1997; Sawchuk et al., 2002) . Vomiting as a defensive behavior can be elicited by disgust to avoid contamination (reviewed in Kreibig, 2010 and Levenson, 2014) , and both vomiting and contaminated food fit into the law of contagion and disgust (reviewed in Cisler et al., 2009) .
As a general factor, happiness and sadness loaded together in our study, which is consistent with some previous results. For instance, a previous study has shown that sadness was confounded with happiness when people were listening to some sad music pieces (Kawakami et al., 2013) . Neuroimaging evidence has also shown activation of similar brain regions, such as the thalamus and the medial prefrontal cortex when processing these two emotions (Lane et al., 1997a, b) . However, our second-level analysis revealed that happiness and sadness were clearly separated from each other. Another study found evidence showing that happiness and sadness were not bipolar opposites (Rafaeli and Revelle, 2006) .
The erotism-related emotions were seldom mentioned as a discrete emotional construct before, but in the current study, the IAPS erotic pictures were clearly separated into the naked female-, male-, and heterosexual couple-erotism domains.
The erotism-elicitors have been used in researches concerning attachment (Jacob et al., 2011) and spatial attention (Jiang et al., 2006) , and in conjunction with eyetracking (Rupp and Wallen, 2007) and neuroimaging (Paul et al., 2008) techniques.
In our study, we also demonstrated the gender differences between the intensity perceived with the naked pictures. As a basic instinct, men would perceive stronger emotion-intensity with naked heterosexual couple and naked female pictures, while women would perceive stronger emotion-intensity with naked male pictures (Costa et al., 2003; Nummenmaa et al., 2012) .
Neutral pictures were perfectly sorted out as one factor with lower cross-loadings on other domains. These pictures were more easily recognized than the neutral faces, because the neutral pictures supplied substantial contextual information (reviewed in Wieser and Brosch, 2012) . Our study also suggests that the IAPS database is a rich source of neutral pictures which can be used as qualified controls for other emotions in future studies.
However, there are some design flaws in our current study. First, we only asked participants to rate the intensity, not the valence, nor the dominance of a putative emotion-loaded picture, thus, whether a valence-or a dominance-centered design could offer different cues for classifying IAPS pictures remains unresolved.
Second, our study was only conducted with healthy university students, whether the findings could be generalized into other clinical samples remains unclear. Third, the erotic pictures in the IAPS database only include naked male/female and heterosexual couples, whether applying pictures of homosexual couples would influence the scalar-classification results remains unknown. In conclusion, using intensity-rating alone, we have successfully identified ten emotional domains from the IAPS pool. The pictures can be used in emotion-related basic and clinical studies in the future.
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